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TITLE 

THE  ROLE  OF  DILUTE  BINARY  TRANSITION  ELEMENT  ADDITIONS 
ON  THE  RECRYSTALLIZATION  OF  COLUMBIUM 

ABSTRACT 


The  effect  of  transition  element  binary  solid  solution  additions 
upon  the  recrystallissation  temperature  of  columbium  has  been  investigated. 
The  elements  Mn,  Fe,  Co,  Ni,  W,  Re,  and  Os  lower  the  recryatallization 
temperature,  while  Ti,  V,  Or,  Zr,  Mo,  Ru,  Rh,  Pd,  Hf ,  Ta,  ¥,  Ir,  and  Ft 
raise  it,  A  correlation  is  noted  between  the  rate  of  change  of  reorystal- 
lizatlon  tenqjerature  with  atomic  percent  solute  and  the  free  atom  electron 
configuration  of  the  solute  element. 
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IWTBQDUCTION 


The  work  of  Abrahamson  and  Grant  has  indicated  a  correlation  be¬ 
tween  the  free  atom  ground  state  electron  configuration  and  the  change  in 
brittle -to -ductile  transition  temperature  per  atomic  percent  solute  in 
chromium-base  alloys.  A  similar  correlation  was  observed  for  the  change 
in  the  recrystallization  temperature  of  iron-base  alloys  by  Abrahamaon 

and  Blakeney^  and  Abrahamaon^.  It  was  also  observed  that  the  limit  of 
rapid  change  in  recryatallization  temperatxire  also  correlated  with  the 
electronic  configuration  of  the  free  solute  atom.  A  further  study  by 
Abrahamaon^  established  the  generality  of  the  phenomenon  by  yielding 
similar  results  for  vanadium-base  dilute  alloys.  It  has  been  inferred 
that  a  periodicity  might  be  e:qpected  with  changes  in  the  free  atom  elec^ 
tron  configuration  of  the  solvent  element. 

This  study  is  the  third  set  of  transitioixal  base  metal  systems  to  be 
studied.  It  is  the  object  of  this  and  further  studies  on  transitional 
metal  systems  to  detect  any  systematic  variations  in  the  observed  corre¬ 
lation  which  might  contribute  to  the  understanding  of  the  electron  inter¬ 
actions  which  are  evidently  exhibiting  themselves. 


PROCEDURE 

All  alloys  were  made  using  99.9  percent  Cb  with  O.O3O  Ta,  O.OI6  0, 
0.002$  H,  0.003  Mo,  0.021  Pe,  0,00$  C  and  0,002  N.  The  solute  elements  ^ 
were  99 . 9 ”*■  percent  pure.  According  to  the  published  binary  phase  diagrams^ 
and  metcdlographlo  examinations  at  750  X,  all  additions  were  in  solid 
solution. 

The  alloys  were  arc  melted  and  remelted  six  times  in  the  form  of 
cubic  l|00-g  buttons  under  an  argon  atmosphere.  They  wore  then  hot  forged 
at  1200  C  to  0.6  inch  diameter,  annealed  for  three  hours  at  1200  0  \uider 
argon  and  furnace  cooled.  The  specimens  were  then  machined  to  O.UOO  inch 
diameter.  Grain  size  was  checked  and  found  to  remain  essentially  constant: 
at  150  t  30  grains  per  sq  mm.  The  specimens  were  then  swaged  to  0,187  inch 
diameter,  yielding  ^6  ±  1  percent  cold  work.  All  alloys  were  chemically 
analyzed  for  the  major  solute.  Analyses  of  random  samples  indicated  that 
the  impurity  content  remained  at  the  values  of  the  starting  material. 
Tungsten  contamination  was  held  to  O.OO7  percent. 

The  swaged  rod  was  cut  into  8.2$  inch  lengths  and  heat  treated  in  a 
gradient  furnace  for  one  hour.  The  gradient  was  650  to  1200  C  over  an 
8-lnch  length,  recorded  by  twelve  thermocouples,  and  controlled  to  t  3  0 
at  the  hot  end. 

The  recrystalllzation  ten^erature  was  determined  metallographloally  as 
that  tenqserature  where  the  first  recrystalllzed  grain  appears  at  a  con¬ 
stant  magnification,  200X.  Specimens  were  repeated  and  the  agreement  was 
generally  found  to  be  ±  2  C, 


BESULTS 


FIvb  different  pure  columbium  rods  were  tested  and  the  recryatalll- 
zation  temperature  was  found  to  be  990  ±1  C.  Figures  1  ttirough  3  show 
the  effect  of  the  transition  elements  on  the  recrystallization  of  columt- 
bium.  The  elements  Mh,  Fe,  Co,  Ni,  W,  Re,  ‘and  Oa  lower  the  reorystalli- 
zation  temperature,  while  Ti,  V,  Cr,  Zr,  Mo,  Ru,  Rh,  Pd,  Hf,  Ta,  W,  Ir, 
and  Ft  raise  it.  It  should  be  noted  that  where  breaks  from  linearity 

occur,  the  solubility  limits  have  not  been  reached. 

■ 

If  one  considers  the  absolute  slope  of  the  curves  in  Figures  1 
through  3,  a  definite  periodicity  is  observed.  A  plot  of  the  slope 
versus  the  free  atom  ground  state  outer  d  shell  electron  configuration  of 
the  solute  demonstrates  this  periodicity,  cf.  Figure  U. 


.  DISCUSSIOM 

2  3  L 

As  shown  previously  in  vanadium-  andiron-base  reciyatalllzation  *  * 
and  chromium-base  brittle -to -ductile  transition  studies''',  an  electron 
configuration  correlation  is  present.  The  form  of  the  columbium  plot  is 
the  same  as  the  brittle -to -ductile  transition  temperature  plot  for 
chromium.  The  plot  can.  best  be  described  as  a  series  of  Vs  with  their 
apexes  displaced  by  one  d  shell  electron.  This  differs  from  the  iron 
recrystaUlzatlon  data  where  the  apexes  are  found  a%  the  same  number  of 
d  shell  electrons.  One  fact  in  common  to  all  of  the  electron  configura¬ 
tion  work  accomplished  thus  far  is  that  the  apex  for  the  a  ■  2  electrons 
V  occtirs  consistently  at  those  elements  having  one  outer  d  electron  more 
than  the  free  atom  configtiration  of  the  solvent. 

Vanadium  and  columbium  occur  in  the  same  group  in  the  periodic  table, 
however,  the  vanadium-base  recrystalllzation  correlation  results  in  an 
inverted  V,  while  the  columbium  correlation  results  in  a  normal  V.  It 
will  be  necessary  to  investigate  lower  d  shell  configuration  transition 
element  solvents,  such  as  titanium  and  zirconium  to  note  whether  the 
reversal  of  the  V-shaped  curve  can  be  attributed  to  the  d  shell  configu¬ 
ration  of  the  solvent. 

It  will  be  noted  that  breaks  in  the  curves  are  present  in  Figures  1 
through  3  as  in  the  other  systems  noted.  Due  to  the  lack  of  sufficient 
data  it  was  impossible  to  accurately  fix  the  limit  of  linearity  of  all 
systems. 

As  in  the  case  of  chromium  and  vanadium,  initial  negative  chtunges  in 
recrystallization  temperature  are  noted.  The  negative  changes  are  limited 
to  a  consecutive  series  of  elements  on  the  s  ■  2  electrons  curve. 


CONCLUSIONS 


1.  The  elements  Mi,  Fe,  Co,  Nl,  ¥,  Re,  and  Os  lower  the  reciystal- 
llzatlon  temperature  of  columblum  while  the  other  traifsitlon  elements 
raise  it. 

2.  A  correlation  between  the  logarithm  of  the  rate  of  change  of 
recrystalllzatlon  temperature  per  atomic  percent  solute  and  the  free  atom 
ground  state  electron  configuration  of  the  solute  la  observed.  This 
correlation  Is  similar  to  others  carried  out  onFe-and  V-base  materials 
and  for  brittle -to -ductile  transition  temperature  in  Cr-base  alloys. 

3.  The  apexes  for  the  s  =  2  curves  on  all  systems  studied  occur  at 
those  elements  having  one  outer  d  electron  more  than  the  free  atom  con¬ 
figuration  of  the  solvent.  . 
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ATOMIC  PERCENT  SOLUTE 

RECRYSTALLIZATION  TEMPERATURE  VERSUS  ATOMIC 
PERCENT  SOLUTE  FOR  THE  FIRST  TRANSITION  SERIES. 
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F I CURE  i 


RECRYSTALLIZATION  TEMPERATURE(*C) 
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FIGURE  3 


I  I  23456789  10 

SOLUTE  GROUND  STATE  OUTER  d  SHELL  ELECTRON  CONriOURATION 

■ 

RATE  OF  CHANGE  OF  RECRYSTALLIZATION  TEMPERATURE 
WITH  ATOMIC  PERCENT  SOLUTE  VS  GROUND  STATE  OUTER 
ELECTRON  CONFIGURATION  OF  SOLUTE. 
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FIGURE  U 
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Commanding  General,  Ordnance  Weapcns  Command,  Rook  Island,  Ill. 

1  ATTN:  ORDOW-IX 

2  ORDOW-TX 

1  Commanding  General,  U..  S.  Army  Ordnance  Special  Weapons 

Ammunition  Command,  Dover,  New  Jersey 

Commanding  General,  U.  S.  Army  Rocket  k  Guided  Missile  Agency, 
Redstone  Arsenal,  Alabama 
1  ATTN:  ORDAB-DV 

5  ORDXR-RGA,  Mr.  R,  L.  Wether ington 

1  ORDXR-RMO,  Lt.  £.  J.  Wilson 

Commanding  Officer,  Detroit  Arsenal,  Center  Lina,  Michigan 
1  ATTN;  ORDMX-BMW 

1  ORDMX-AL 


Conmandlng  Officer,  Diamond  Ordnance  Fuze  Laboratorlea, 

Washington  25,  D.  C. 

1  ATTN:  ORDTL  .012,  Technical  Reference  Branch 

Commanding  Officer,  Ordnance  Materials  Research  Office, 

Watertown  Arsenal,  Watertown  72,  Uassachusetta 
1  ATTN:  RPD 

Commanding  Officer,  Pioatinny  Arsenal,  Dover,  New  Jersey 
1  ATTN:  Feltman  Research  Labs. 

Conmandlng  Officer,  Rook  Island  Arsenal,  Rock  Island,  Illinois 
1  ATTN:  Laboratory 

Commanding;  Officer,  Springfield  Armory,  Springfield  1,  Mass. 

1  ATTN:  ORDBD-TX 

Conmandlng  Officer,  Watervliet  Arsenal,  Watervllat,  New  York 
1  ATTN:  ORDBF-RT 

1  Army  Reactor  Branch,  Division  of  Research  Development, 

Atomic  Energy  Commission,  Washington  25,  D.  C. 

Commander,  Wright  Air  Development  Division,  Wright-Patterson 
Air  Force  Base,  Ohio 
S  ATTN:  WWRCEE 

Chief,  Bureau  of  Ships,  Department  of  the  Navy,  Washington  85,  D.  C. 
1  ATTN:  Cods  341 

•  .  Chief,  Bureau  of  Naval  Weapons,  Department  of  the  Navy, 

Room  2825,  Munitions  Bldg.,  Washington  25,  D.  C.  » 

1  ATTN:  RMIP 

Chief,  Office  of  Naval  Research,  Department  of  the  Navy, 

Washington  25,  D.  C. 

1  ATTN:  Code  423 

1  Chief,  Naval  Engineerii^g  Experimental  Station,  Department  of  the 

Navy,  Annapolis,  Maryland 

Commander,  Naval  Ordnance  Test  Station,  China  Lake,  California 
1  ATTN:  Code  5557 


Director,  Naval  Research  Laboratory,  A.nacostia  Statioa, 
Washington,  D.  C. 

ATTN:  Technical  Information  Officer 

Commander,  Naval  Weapons  Laboratory,  Dahlgren,  Virginia 
ATTN:  A  &  P  Lab. 

Commander,  Armed  Services  Technical  Information  Agency, 
Arlington  Hall  Station,  Arlington  12,  Virginia 
ATTN:  TIPDR 

U.  S.  Atomic  Energy  Commisaion,  Office  of  Technical  Information 
Extension,  P.  0.  Box  62,  Oak  Ridge,  Tennessee 

Defense  Metals  Information  Center,  Battelle  Memorial  institute,. 
Columbus,  Ohio 

National  Aeronautics  and  Space  Administration,  lOSO  H  Street, 

N,  W. ,  Washington  2S,  D.  C. 

The  Director,  Jet  Propulsion  Laboratory,  Chlifornia  Institute 
of  Technology,  Pasadena  3,  California 
ATTN:  Dr.  L.  Jaffa 

Dr.  W.  R.  Lucas,  George  C>  Marshall  Space  Flight  Center, 
Huntsville,  Alabama 
ATTN:  H-S&U-M 

Ur.  W.  A.  Wilson,  George  C.  Marshall  Space  Flight  Center, 

Huntsville,  Alabama 

ATTN:  M-F&AE-M,  Bldg.  4720 

Commanding  Officer,  Watertown  Arsenal,  Watertown  12,  Mass. 

ATTN:  ORDBE-LXM,  Technical  Information  Section 
Author 
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